Abstract Obesity is a chronic metabolic disorder that is associated with numerous diseases including hyperlipidemia, diabetes mellitus, hypertension, atherosclerosis, cardiovascular disease, and cancer. Cinnamic acid is a phytochemical compound having many biological effects and could be considered for the management of obesity. This study is aimed to assess the possible anti-obesity and cardioprotective properties of cinnamic acid (CA) in high fat diet-fed rats (HFD). Male Wistar rats were divided into 4 groups. They received normal diet, HFD diet, HFD supplemented with fluvastatin (2 mg/kg/day) or cinnamic acid (30 mg/kg/day) for 7 weeks. The results showed an increase in body weight of HFD rats bỹ 27 % as compared to control group. Moreover, serum lipase activity underwent a significant rise by 103 % which led to an increase in the levels of total cholesterol (T-Ch), triglycerides (TG), LDL-cholesterol in serum of untreated HFD-fed rats. Furthermore, the concentration of leptin and angiotensinconverting enzyme (ACE) activity exhibited remarkable increases in serum of HFD-fed rats as compared to controls. Whereas, the administration of CA to HFD-fed rats improved the body weight gain and serum lipid profile and reverted back near to normal the activities of lipase and ACE. In addition, the echocardiography evidenced that CA is able to protect the aorta and aortic arch and avoided vasoconstriction by increasing their diameters and improved liver steatosis and kidney indices of toxicity. Overall, these results suggest that cinnamic acid exerts anti-obesity and antihypertensive effects through inhibition of lipid digestive enzymes and ACE.
Introduction
During the last few decades, the incidence of obesity, in both developed nations and poor countries, has witnessed a considerable increase. Currently, more than one billion adults worldwide are suffering from overweight and at least 300 million of them are obese (Rich et al. 2012) . It is due to an excess in consumed energy which leads to accumulation of fat in the body. This excess of energy source is frequently derived from the fat contained in the food itself. Notably, obesity is often associated with a variety of chronic diseases such as hyperlipidemia, diabetes mellitus, hypertension coronary artery diseases and certain cancers ( Lei et al. 2007 ). Thus, to reduce fat accumulation, the digestion and absorption of fat into the body should be prevented (Hanefeld and Sachse 2002) . However, owing to the adverse side effects associated with many antiobesity drugs, more trials have focused on screening natural sources that have been reported to reduce body weight with minimum side effects (Rahul et al. 2007 ). One of the most important agents to study obesity and its side effects is the leptin level, adipose-derived hormone which reduces appetite. Leptin production is increased in obese animals and humans and correlates positively with body mass index (Brennan and Mantzoros 2006) . Obese generally reveal an unusual high circulating concentration of leptin (Considine et al. 1996) . The significant secretion leptin is accompanied by an increased angiotensin converting enzyme (ACE) level, a potent vasoconstrictor. The inhibition of ACE results in the reduced formation of angiotensin II and reduced metabolism of bradykinin, leading to a systematic dilation of the arteries and veins and a decrease in arterial blood pressure. Therefore, pancreatic lipase inhibitors are considered a valuable therapeutic reagent for treating diet promoted obesity in humans (Sharma and Henderson 2008; Mnafgui et al. 2012) . Synthetic available inhibitors drugs of pancreatic lipase cause serious adverse effects, including constipation, insomnia, stomachache, and myocardial infarction (Bray 2001) . In this respect several investigations focused in the research of phytochemicals more safe with limited side effects in the treatment of obesity and its complications. Many epidemiological studies have found that the consumption of foods and drinks with high phenolic content is associated with the prevention of obesity (Choi et al. 2007) . In this respect, hydroxycinnamic acids which constitute a major class of phenolic acids that are widely available in seeds, fruits and vegetables, consumed as dietary phenolic compounds that play a vital role in the formation of commercially important intermediate molecules.
Many studies discovered biological activities of cinnamic acid and its derivatives such as antioxidant, hepatoprotective, anxiolytic, insect repellent and antidiabetic (Kasetti et al. 2012) etc. Different substitutions on basic moiety lead to various pharmacological activities. The m-hydroxy or the p-methoxy residue on cinnamic acid is important functional groups as an effective insulin releasing agen t. While, 3, 4-dihydroxycinnamic acid (caffeic acid) shows hepatoprotective activity (Sharma 2011) . Cinnamic acid derivatives prove a variety of pharmacological activities without side effects. This research was carried out to evaluate the in vivo antiobesity and cardioprotective activities of cinnamic acid.
Material and methods

Chemicals
Lipase kit was purchased from Biolabo reagents France, DMSO (dimethylsulfoxide) was purchased from Merck (Germany) and porcine pancreatic lipase, cinnamic acid powder were obtained from Sigma-Aldrich, St. Louis, USA. ACE kit was purchased from Trinity, UK. Fluvastatin (trade name, lescol) tablets were purchased from local pharmacy. The remaining chemicals used were of analytical grade.
Determination of lipase activity in vitro
The method was modified from the assay reported by Nakai et al. (2005) . The pancreatic lipase activity was measured using 4-methylumbelliferyl oleate (4-MU oleate) as a substrate. 25 μL of a sample solution dissolved in DMSO and 50 μL of a 0.1 mM 4-MU solution dissolved in a buffer consisting of 13 mM Tris-HCl, 150 mM NaCl, and 1.3 mM CaCl2 (pH 8.0) were mixed in the well of a microtiter plate, and 25 μL of the lipase solution (50 U/mL) in the above buffer was then added to start the enzyme reaction. After incubation at 25°C for 30 min, 0.1 mL of 0.1 M sodium citrate (pH 4.2) was added to stop the reaction. The amount of 4-methylumbelliferone released by lipase was measured with a fluorometrical microplate reader (Fluoroskan Ascent C LabSystems, Inc.) at an excitation wavelength of 360 nm with a tolerance of ±40 nm and an emission wavelength of 460 nm with a tolerance of±20 nm. The lipase inhibition activity was determined by measuring the effect on the enzyme reaction rate after adding samples, compared with the control, Fluvastatin is used as positive control (Mnafgui et al. 2012 ) . PI: percentage of enzyme activity inhibition.
Animals and treatments
The essays of this study were conducted on total 40 adult male Wistar rats, weighting 180±10 g, which were obtained from the local Central Pharmacy, Tunisia. All rats were kept in an environmentally controlled breeding room (temperature: 20± 2°C; humidity: 60±5 %; 12 h dark/light cycle) where they had standard diets and free access to tap water. The experimental protocols were conducted in accordance with the guide for the care and use of laboratory animals issued by the University of Sfax, Tunisia, and approved by the Committee of Animal Ethics. The rats were randomly divided in four groups of eight animals each:
Group I: (Control) normal male rats were fed with normal chow diet. Group II: (HFD) male rats received high fat diet (10 % sheep fat+5 % carbohydrates+0.1 % cholic acid / kg chow diet) to persuade hyperlipidemia for 7 weeks. Cholic acid is a bile acid involved to facilitate the formation of micelles, which promotes processing of dietary fat (Mnafgui et al. 2012 ). Group III: (Fluv) male rats received HFD and fluvastatin (2 mg / kg, body weight / daily) by gastric gavage route for 7 weeks. Group IV: (CA) male rats received HFD and treated with cinnamic acid by gastric gavage route (30 mg / kg of body weight / daily) for 7 weeks.
After the 7 weeks induction, the animals were weighted and sacrificed by decapitation in order to minimize the handling stress, and the trunk blood collected. The serum was prepared by centrifugation (1500×g, 15 min, 4°C), frozen and stored at −20°C until analysis.
Toxicity study
The toxicity of cinnamic acid was tested using four doses (50, 100, 500, 1000 mg/kg body weight) (six rats for each dose). Six control rats were kept under the same conditions without any treatments. The animals were observed continuously during the first hour, and then every hour for 6 h, then after12 and 24 h, and finally after every 24 h, up to 3 weeks for any physical signs of toxicity such as writhing, gasping, salivation, diarrhea, cyanosis, any nervous manifestations, or mortality.
Diagnostic of abdominal sonography
Before the abdominal sonography, the experimental animals were anesthetized with ether and injected by chloral hydrochloride intraperitoneally. The liver, thoracic aorta and aortic arch diameters of the experimental animals were assessed by Echograph 4D (GE VOLUSON 730 EXPERT BT 05).
Biochemical analysis
The leptin level was determined by a commercially available Enzyme-Immunoassay (Alpco Diagnostics, Salem NH) which utilizes two specific polyclonal antibodies for mouse and rat leptin. The analyses of serum lipase and serum lipids level of triglycerides (TG), total-cholesterol (T-Ch), high density lipoprotein-cholesterol (HDL-c), were measured using the corresponding commercial kits (Biolabo, France) on an automatic biochemistry analyzer (BS 300, China) at the pathological laboratory of Sidi Bouzid Hospital. Serum LDLcholesterol concentration was determined according to the f ol l o w i n g f o r m u l a o f F r i e d e w a l et a l . ( 1 9 7 2 ): LDL_ cholesterol = Total cholesterol -(Triglycerides / 5) -(HDL_ cholesterol ). The serum activity of Angiotensin converting enzyme (ACE) was measured using the corresponding commercial kit (Trinity Biotech, United Kingdom). Serum levels of lactate deshydrogenase (LDH), Creatine phosphokinase (CPK), Aspartate aminotransferase (AST), alanine aminotransferase (ALT), activities and creatinine, uric acid and urea rates were measured in frozen aliquots of serum by standardized enzymatic procedures using commercial kits from (Biolabo, France) on an automatic biochemistry analyzer (Vitalab Flexor E, USA) at the clinic pathological laboratory of Sidi Bouzid Hospital.
Statistical analysis
Data are presented as means±standard deviation (SD). Determinations were performed from eight animals per group and differences were examined by a one-way analysis of variance (ANOVA) followed by the Fisher test (Stat View). *P<0.05 was considered statistically significant.
Results
Mortality and clinical observations
No deaths were observed either in HFD rats treated with cinnamic acid (30 mg / kg of body weight) and either at doses up to 1 g / kg or in the other groups over the administration period. Compared with the control group of rats, the experimental groups showed no treatment related changes in clinical signs such as external appearance, behavior and motility.
Effect of cinnamic acid (CA) on body weight of experimental rats
As shown in Fig. 1 , rats were fed with the HFD for 7 weeks and showed a remarkable increase in body weight by 26.8 % as compared to control animals. The average body weight of HFD-fed rats which received orally cinnamic acid and fluvastatin underwent a significant decrease by 9 % and 10 % respectively (P<0.05), as compared to HFD fed group.
The improvement of hyperleptinemia by cinnamic acid in HFD -fed rats
The HFD-fed rats showed a significant rise in serum leptin level by 126 % as compared to the level observed in control animals (Fig. 2) . However, in response to fluvastatin and cinnamic acid, the HFD-fed rats showed significant decrease Effect of cinnamic acid on lipase activity in vitro and in serum of experimental rats
As revealed in Table 1 , the cinnamic acid exhibited good inhibition activity of pancreatic lipase (IC 50 =39.17 μg/mL) in a dose dependent pattern. In vivo, the HFD group proved a remarkable increase in serum lipase activity by 103 % as compared to control animals (Fig. 3) . However, administration of cinnamic acid to HFD-fed rats decreased significantly the activity of serum lipase by 18 % (P <0.05) as compared to HFD untreated group.
Serum biochemical levels Table 2 indicated a significant increase in serum T-Ch, TG, LDL-c by 77, 73 and 250 % respectively observed in HFD group accompanied with a remarked decrease in HDL-c level by 10 % as compared to control rats. However, treatment with cinnamic acid showed a significant reduction (P <0.05) in serum cholesterol, triglycerides and LDL-c by 23, 48 and 39 % respectively, and significant increase (P <0.05) in HDL-c as compared to HFD-fed rats. To evaluate the effect of cinnamic acid on the liver and kidney functions, serum toxicological markers indicating liver or kidney injury were measured at the end of the experimental period. Actually, the cinnamic acid treatment of HFD-fed rats significantly inhibited the HFD induced increase in serum AST, ALT, LDH and CPK activities (Table 3 ). The serum levels of urea, uric acid and creatinine were significantly increased in HFD group as compared to control one. However, CA-treated rats reverted back near to normal levels these serum biomarkers. Similar results to those observed in the CA-treated group were noted in HFD fed rats treated with fluvastatin. These data demonstrated that administration of 30 mg/kg/day cinnamic acid for 7 weeks induced no detectable adverse toxic effects on the rat.
Effect of cinnamic acid on ACE activity Figure 4 shows that the ACE activity in the serum of HFD-fed rats underwent a potent rise of 78 % (P <0.05) as compared to controls. However, the administration of cinnamic acid or 
Sonography diagnosis and ultrasound measurements of the thoracic aorta and aortic arch diameter of rats
The diameter of the vascular structures was measured transversally and longitudinally. In cross section, the measure was adopted when the spherical structure appeared well. As shown in Figs. 5, 6 and Table 4 , after 7 weeks, the HFD induced a significant decrease in the vascular diameters of the HFD-untreated rats with response to a reduce in thoracic aorta by 17.6 % and in aortic arch by 24 % as compared to control group. However, the administration of cinnamic acid and Fluvastatin restored the diameter of thoracic aorta by 12
and 10 % respectively and increased the aortic arch diameter by 23 % and 18 % respectively (P <0.05). Interestingly, the echocardiography showed an heterogenic aspect in the liver of HFD-fed rats as compared to control, Fluv and CA groups. This heterogeneity indicated hepatic steatosis caused by the high fat diet (Fig. 7) .
Furthermore, the sonography revealed a remarkable case of situs inversus called dextrocardia, a congenital condition in which the heart is reversed or mirrored from its normal position and being located on the right side of the thorax. This case was observed in a HFD-fed rat with no clinical signs of disease.
Discussion
Obesity is one of the most widespread metabolic disorders in contemporary society. It is closely related to hypertension, type 2 diabetes, coronary heart disease, cancer, respiratory complications, and osteoarthritis (Kopelman 2000) . Considerable efforts have been devoted to the discovery of antiobesity drugs worldwide. The focus has been shifted to treat the various ailments through plant-derived drugs due to their safety, efficacy, cultural acceptability and lesser side effects (Rahul et al. 2007 ). Cinnamic acid is found both in free form, and especially in the form of esters (ethyl, cinnamyl, benzyl) . The latters are widely spread in the plants and possess wide range of activities. This research was carried out to evaluate the effects of cinnamic acid on obese rats induced by a HFD to assess its potential for the treatment of obesity and hypertension. Interestingly, our results demonstrated that cinnamic acid has a beneficial effect on the body weight of obese rats without changes in clinical signs such as external appearance, behavior, mental state, and daily activities. The increase in .05 significant differences compared to HFD body weight was accompanied by an increase in leptin serum level. Leptin has dramatic impact on the understanding of milti-function polypeptide. It may be associated with the regulation of appetite, consumed energy and adiposity. Leptin is produced almost exclusively by adipose tissue and acts in the central nervous system through a specific receptor and multiple neuropeptide pathways to decrease appetite and increase energy expenditure (Zhang et al. 1994; Friedman and Halas 1998) . A similar relationship between leptin levels and body weight has also been observed in a large number of clinical investigations (Li et al. 2011; Mnafgui et al. 2012 ). An important finding of this work was the lowered level of circulating leptin after the treatment of HFD fed animals with cinnamic acid which leads to decrease of their body weight. Moreover, our investigation showed an increase of pancreatic lipase activity in serum of HFD rats. The pancreatic lipase is responsible for the digestion of lipids by cleaving dietary triglycerides into monoacylglycerides and free fatty acids, both absorbable by enterocytes (Chakrabarti 2009 ). Dietary fat is not directly absorbed from the intestine unless it has been subjected to the action of pancreatic lipase (McDougall et al. 2009 ). Thus, pancreatic lipase is important to the digestion and absorption of fat. Its inhibition could therefore result in a reduced fat absorption, and thereby energy uptake, which is one of the key targets to mediate obesity. This study evidenced that cinnamic acid inhibited lipase activity in vitro with IC 50 = 39.17 μg/ml. This was interestingly confirmed in vivo. The important inhibitory action is explained by the fact that cinnamic acid derivatives are naturally occurring substances found in fruits, vegetables, and flowers. They are consumed as dietary phenolic compounds (Adisakwattana et al. 2008) . As well, polyphenols have some potential efficacy for preventing obesity through inhibition of key-enzymes related to fat metabolism including pancreatic lipase (Rahul et al. 2007; Mnafgui et al. 2012) . In addition, the inhibitory action of lipase activity restricted the hydrolysis of dietary triglycerides nonabsorbable into monoglycerides and free fatty acids absorbable by the intestine. This effect leads to a decrease in TCh, LDL-c and TG levels in serum of CA-treated group of rats. Consequently, it showed a reduction of body weight as antiobesity action (Subramaniam et al. 2011) . In previous studies, the chronic increases in circulating leptin caused sustained increases in arterial pressure and heart rate and was consistent with a possible role for leptin in obesity hypertension (Shek et al. 1998; Kohlstedt et al. 2009 ) demonstrated that; it also could increase heart rate by increasing cardiac The sonography also revealed that HFD might contribute to hepatic steatosis, compared to Fluv and CA groups, and clearly appeared in Fig. 7 . As a consequence, cinnamic acid might have an hepatoprotective effect. Our results showed a significant reduce of angiotensin-converting enzyme (ACE) activity in serum of CA treated HFD-fed rats which could explain the reduced lipogenic effect resulting in lower body weight gain observed in our study. In fact, ACE is a metalloglycoprotein linked to the membrane that catalyses the hydrolysis of the decapeptide angiotensin I by cleaving off the Cterminal dipeptide, producing the octapeptide angiotensin II. This latter is responsible for increasing blood pressure (Loizzo et al. 2007 ). ACE, a key component of the renin-angiotensin system, is involved in the generation of angiotensin II, a potent vasoconstrictor peptide, and in the degradation of bradykinin, a potent vasoconstrictor (Erdös and Skidgel 1987) . The components of the renin-angiotensin system, involved in blood pressure regulation and vascular smooth muscle cell proliferation, are important determinants of vasomotor tone (Amant et al. 1997) . The obtained results (Figs. 5 and 6 ) interestingly demonstrated that cinnamic acid avoided vasoconstriction appeared in HFD group. ACE inhibitory activity is one of the therapeutic methods to treat hypertension (Mnafgui et al. 2012) . The sonography of thoracic artery and aortic arch showed a decrease in diameters in HFD group as compared to control group. Though, in CA and Fluv groups, the diameters had not significantly change as compared to control group. Thereby, it can be deduced that cinnamic acid and fluvastatin prevent from hypertension by avoiding vasoconstriction. This study confirmed, for the first time, that cinnamic acid has a cardioprotective property assessed by its anti-obesity and antihypertension effects. Furthermore, cinnamic acid decreased liver and kidney indices of toxicity such as ALT, AST, LDH, CPK activities and urea, uric acid, and creatinine levels.
Conclusion
In conclusion, we managed to prove that cinnamic acid can significantly reduce the body weight of obese rats and treat hyperlipidemia induced by the HFD without apparent illness effects. These effects are mediated through reducing the serum concentration of leptin and pancreatic lipase activity. In addition, cinnamic acid inhibited also the ACE activity in serum and improved a cardioprotective effect by defending animals against vasoconstriction and hypertension complications. Overall, CA is endowed with a powerful effect in the management of obesity and its related metabolic disorders such as hypertension.
